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(57) Abstract 

Catalyst system comprising a palladium compound, an acid compound having a pKa > 2 measured in water of 18 °C and an 
non-symmetrical bidentate phosphorous ligand according to formula (I) in which the -PR'R 2 group is different from the -PR 3 R 4 group 
and in which X is a divalent organic bridging group, in which the shortest direct link between the two phosphorous atoms in the bridging 
group X consists of a chain of 2-10 carbon atoms and optionally a sulphur or oxygen atom. 
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CARgONYLATIQN CATALYST SYSTEM 

5 

The invention relates to a novel catalyst 
system comprising a palladium compound, an acid 
compound having a pKa > 2 measured in water of 18°C and 
10 an non-symmetrical bidentate phosphorous ligand 
according to: 

R 1 R 3 

\ / 
15 P-X-P 

/ \ 
R 2 R 4 

in which the -PR^ 2 group is different from the -PR 3 R 4 
20 group, R x -R 4 are organic groups and X is a divalent 
organic bridging group, in which the direct link 
between the two phosphorous atoms in the bridging group 
X consists of a chain of 2-10 carbon atoms and 
optionally a sulphur or oxygen atom. 

2 5 In EP-A-2 73489 catalyst systems are described 

comprising palladium, a sterically hindered benzoic 
acid and a bidentate phosphine, i.e. 1,4- 
bis (diphenylphosphino) butane for use as catalyst in the 
carbonylation reaction of conjugated dienes and an 

3 0 alcohol to alkyl pentenoate compounds. 

A disadvantage of this known catalyst 
composition is that the rate of reaction is relatively 
low when used as carbonylation catalyst . A need exists 
for a catalyst system which can increase the rate of 
35 this reaction (at a given temperature) . Higher reaction 
rates also make it possible to operate at lower 
temperatures. This is advantageous because at lower 
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temperatures less degradation of the catalyst system 
takes place. We have found that by using the catalyst 
system according to the invention the rate of the 
reaction can be improved considerably. 
5 A catalyst system comprising palladium, an 

acid and non- symmetrical bidentate phosphine ligands, 
1- (diisopropylphosphino) -1' - {phenyl isopropylphosphino) - 
ferrocene is described in WO-A-9506027 . This 
publication does not teach in any way that by using 

10 this non- symmetrical phosphine ligand higher reaction 
rates were to be expected. Moreover, only symmetrical 
phosphines were used in the examples. Furthermore it 
has been found that the disclosed catalyst system is 
less stable than the catalyst system according to the 

15 invention when used in a carbonylation reaction. 

The non- symmetrical phosphine can be prepared 
by well known methods as for example described in GB-A- 
2101601. 

Without being limited to the following theory 
20 it is believed that the improved reaction rate results 
from the fact that the electronic properties of the two 
phosphorous atoms of the ligand are different as a 
result of the different groups bonded to the 
phosphorous atoms. A larger difference in electronic 
25 properties of the two phosphorous atoms would result in 
a higher rate of reaction. Therefore it is preferred 
that one phosphorous atom is substituted with one or 
two electron withdrawing groups (R 1 , R 2 ) while the other 
phosphorous atom is substituted with one or two 
30 electron donating groups (R 3 , R 4 ) . For example R 1 , R 2 and 
R 3 can be electron withdrawing groups while R 4 is an 
electron donating group. This effect can also be 
achieved when for example R 1 and R 2 are one divalent 
organic group while R 3 and R 4 are both monovalent 
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organic groups. More preferably one phosphorous atom is 
substituted with only electron- withdrawing groups while 
the other phosphorous atom is only substituted with 
electron donating groups. Examples of electron 
5 withdrawing groups are aryl groups optionally 
substituted with -F, -Cl, -Br, -I, -CF 3 , 

-S0 3 H, -NR 3+ , -N0 2 , -0N0 2 , -C0 2 H, -C0 2 R, -C(0)R, -NO and - 
ONO groups (R = Ci-C 28 alkyl group), or -O-R 5 groups, in 
which R 5 is preferably an aryl group optionally 

10 substituted with the above described groups. Examples 
of electron donating groups are optionally substituted 
alkyl groups. Substituents of the alkyl groups is for 
example a -0R 6 -group, in which R 6 is an Ci-C 2 s alkyl 
group. Divalent cyclic alkylene groups are also 

15 examples of electron donating groups, provided that the 
number of C- atoms in the ring is equal or higher than 
4. 

Preferably optionally substituted C1-C3.0 alkyl 
groups are used as electron donating groups and 

20 optionally substituted C 6 -C X0 aryl groups are used as 
electron withdrawing groups. Examples are methyl, 
ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl, 
tert -butyl, cyclobutyl, pentyl, neopentyl, cyclopentyl, 
hexyl, cyclohexyl, heptyl, cycloheptyl, octyl, 

25 cyclooctyl, nonyl, decyL> 2-cyanoethyl, 2 -hydroxyethyl-, 
2-dialkylaminoethyl, 2-bromomethyl, vinyl, allyl, 
crotyl, phenyl, o-tolyl, p-tolyl, 1-methoxyphenyl, 2- 
methoxyphenyl , 3-methoxyphenyl, 1-f luorophenyl , 2- 
f luorophenyl , 3 - f luorophenyl , pentaf luorphenyl , 2,3- 

30 dimethylphenyl , 2 , 4-dimethylphenyl, 2 , 5-dimethylphenyl, 
2, 6-dimethylphenyl, 3 , 5-dimethylphenyl, 2,4,6- 
trimethylphenyl, 1-cyanophenyl, 2 - cyanophenyl , 3- 
cyanophenyl, l-oc,a, a-trif luorotolyl , 2-a,a,a- 
trifluorotolyl, 3 -a, a, a-trif luorotolyl, naphthyl and 
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benzyl . These alkyl groups and aryl groups are 
optionally (further) substituted with for example 
methyl, methoxy, cyanide or trif luoromethyl groups. 

The bridging group X can be an organic group 
5 having between 2 and 20 carbon atoms with the proviso 
that the shortest direct link between the phosphorous 
atoms consists of 2 and 10 atoms. Preferably the direct 
link between the two phosphorous atoms in the bridging 
group X consists of a chain of 3-4 carbon atoms and 
10 optionally an additional non- terminal sulphur or oxygen 
atom. 

Examples of possible non- symmetrical 
bidentate phosphine ligands are: 

1- (diisopropylphosphino) -4- (diphenylphosphino) butane, 

15 1- (dibutylphosphino) -4- (diphenylphosphino) butane, 

1- (dicyclohexylphosphino) -4- (diphenylphosphino) butane, 
1- (ditert-butylphosphino) -4- (diphenylphosphino) -butane, 
l- (tert-butylphenylphosphino) -4- (diphenylphosphino) - 
butane, l- (butylphenylphosphino) -4- (diphenylphosphino) - 

20 butane, 1- (4 , 8 -dimethyl- 2 -phosphabicyclo [3 . 3 . 1] nonane) - 
4- (diphenylphosphino) butane, 1- (9-bicyclo- 
phosphanonanyl) -4- (diphenylphosphino) butane, 
1- (diisopropylphosphino) -3- (diphenylphosphino) propane, 
1- (ditert-butylphosphino) -3- (diphenylphosphino) -propane 

25 or, 1- (cyclohexylphenylphosphino) -3- (diphenyl- 
phosphino) -propane . 

The palladium can be present in the catalyst 
system in the form of a heterogeneous palladium 
compound or as a homogeneous palladium compound. 

3 0 Homogeneous systems are preferred. Since palladium 

forms complexes with the phosphine ligand, the choice 
of the initial Pd compound is in general not critical. 
Homogeneous palladium compounds include, for instance, 
palladium salts of, for instance, nitric acid, 
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sulphonic acid, alkane carboxylic acids with not more 
than 12 carbon atoms or hydrogen halogenides (CI, Br, 
I) . Metallic palladium can also be used. Exemplary 
homogeneous palladium compounds include PdCl 2/ PdBr 2 , 
5 Pdl 2 , Na 2 PdI 4 , K 2 PdI 4 , PdCl 2 (benzonitrile) 2 and 

bis (allylpalladium chloride). Another group of suitable 
halogen- free palladium compounds are palladium 
complexes such as palladium acetylacetonate {Pd(acac) 2 ), 
Pd (II) acetate, palladiumnitrate Pd(N0 3 ) 2 , tris(tri-o- 

10 tolyl phosphine) palladium, and di-palladium-tris- 

(dibenzylideneacetone) (Pd 2 (dba) 3 ). An exemplary of a 
heterogeneous palladium compound is a palladium 
compound on an ion exchanger such as, for example an 
ion exchanger containing carboxylic acid groups. Ion 

15 exchangers containing carboxylic acid groups are 

commercially available under the brand names Amberlite 
IRC 50 and Amberlite IRC 84 (Rohm & Haas) . Another 
heterogeneous catalyst is an immobilized phosphine on 
carrier catalyst, in which the palladium forms 

20 complexes with the immobilized phosphine (phosphine 
being the ligand of the catalyst system) . Carriers 
include polystyrene, polyacrylamide, silica, alumina, 
silica-alumina or zeolite support. 

The acid compound with a pKa > 2 is generally 

25 a protonic acid, preferably having a pKa between 2-6 -• 
measured in water at 18°C. Preferred acids are 
carboxylic acids having 1 to 30 carbon atoms. These 
carboxylic acids may be substituted with hydroxy, Ci-C 4 
alkoxy groups, for example raethoxy, amine or halogenide 

3 0 groups, for example CI, I and Br. Exemplary carboxylic 
acids are benzoic acid, acetic acid, valeric acid, 
pentenoic acid, nonanoic acid and butanoic acid. The 
acid is preferably a sterically hindered carboxylic 
acid having a pKa of less than 4.5. Exemplary 
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sterically hindered carboxylic acids are sterically 
hindered benzoic acids, for example 2-f luorobenzoic 
acid and 2- (trif luormethyl) -benzoic acid, the C3.-C4 
alkyl substituted benzoic acid, for example 2,6- 
5 dimethylbenzoic acid, 2-methylbenzoic acid, 2,4,6- 

trimethyl benzoic acid and hydroxy substituted benzoic 
acid, for example meta- and parahydroxybenzoic acid and 
other substituted benzoic acids, for example 2,6- 
dif luorobenzoic acid or 2,4,6-tribromobenzoic acid. 
10 Most preferably 2 , 4 , 6-trimethylbenzoic acid is used. 

The molar ratio of acid to palladium is 
preferably between 6:1 and 50:1 and more preferably 
between 10:1 and 40:1. It has been found that the 
optimum acid to palladium ratio depends on the specific 
15 carboxylic acid which is used. 

The phosphine ligand to palladium molar ratio 
is as a rule between 1:1 and 100:1 and preferably 
between 2:1 and 10:1. 

The palladium concentration in the reaction 
2 0 mixture is preferably as high as possible because the 
rate of the reaction per unit of reactor volume will 
then be higher. The upper limit for a homogeneous 
catalyst system will normally be determined by the 
solubility of palladium in the reaction mixture and 
25 will, for example, depend on the specific palladium 

compound used as discussed above. This upper limit can 
easily be determined by one skilled in the art. 
However, the process according to the invention may 
also be performed with a homogeneous catalyst system in 
30 the presence of additional solid palladium compounds. 

The catalyst system according to the 
invention can be advantageously used as a carbonylation 
catalyst in a reaction of an olefinic organic compound, 
carbon monoxide and optionally a co-reactant. The 
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olefinically unsaturated compound can be a C 2 -C 2 o 
organic compound, for example ethene, propene, butene, 
pentenes, hexenes and octenes. Preferably a conjugated 
diene, for example 1, 3-pentadiene, 1, 3-hexadiene and 
5 more preferably l, 3 -butadiene is used. The co-reactant 
is preferably a nucleophilic compound having a mobile 
H-atom, for example water or a Ci-C 2 o carboxylic acid. 
More preferably the co-reactant is an alcohol having 
between 1 and 20 carbon atoms. Examples of suitable 

10 alcohols are methanol, ethanol, propanol, isopropanol, 
n-butanol, tert-butanol, pentanol, cyclohexanol and 
phenol. Most preferably methanol and ethanol are used, 
for example because the resulting compounds can be 
advantageously be used as precursor to prepare nylon 

15 intermediates, like adipic acid and s-caprolactam. 

It has been found that this catalyst system 
according to the invention can also be advantageously 
used when converting 3-alkoxy-l-butene and/or l-alkoxy- 
2 -butene to the corresponding alkyl pentenoate. These 

20 compounds can be prepared from butadiene as for example 
described in EP-A-25240. The reaction conditions of the 
reaction from alkoxy butene to an alkyl pentenoate are 
generally the same as for the direct carbonylation of 
butadiene except that no additional alcohol is required 

25 as co-reactant. 

The catalyst system can also be used as 
polymerization catalyst in processes to prepare 
polyketones by co-reacting unsaturated compounds with 
CO. 

30 The molar ratio of co-reactant and butadiene 

in the reaction mixture may be between 0.1:1 and 10:1. 
In a continuous process it is preferred to keep this 
ratio between 0.5:1 and 3:1. More preferably this ratio 
is smaller than 1.5:1. 
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The molar ratio of conjugated diene and 
palladium can be between 0.01:1 and 1000:1. Preferably 
this ratio is between 10:1 and 300:1 and more 
preferably higher than 50:1. 
5 The temperature during the carbonylation 

reaction is preferably between 25°C and 2 00°C. The 
pressure is not particularly critical and generally 
ranges between 1 MPa and 100 MPa, although it is 
preferably greater than 2 MPa. An upper limit is not 

10 critical. A very high pressure is disadvantageous 
because the process equipment will become very 
expensive. A practical and preferred upper limit is 
therefore about 10 MPa. 

The carbon monoxide can be used in a pure 

15 form or diluted with an inert gas such as, for example, 
nitrogen, rare gases or carbon dioxide. In general, 
more than 5% hydrogen is undesirable, since this can 
cause hydrogenation of the olefinic organic compound 
under the carbonylation conditions. 

2 0 All inert solvents are in principle suitable 

as an additional solvent when using the catalyst system 
in a carbonylation reaction. It is also possible to use 
an excess of one of the reactants or (by-) products in 
such an amount that a suitable liquid phase is formed. 

2 5 Examples of (by-) products when reacting butadiene are : - 
Cg-esters and other high boiling by-products. Examples 
of inert solvents are sulphoxides and sulphones, such 
as for instance, dimethyl sulphoxide, diisopropyl 
sulphone; aromatic solvents, such as benzene, toluene, 

30 xylene; esters, such as methyl acetate, methyl 

valerate, pentenoate esters and butyrolactone ; ketones, 
such as acetone or methyl isobutyl ketone; ethers such 
as anisole, trioxanone, diphenyl ether and diisopropyl 
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ether; and mixtures of these solvents. Preferably, 
diphenyl ether is used as additional solvent . 

Preferably a continuous process is used. 
An example of reactor system for a continuous process 
5 is a series of continuously stirred tank reactors 
(CSTR) in which the catalyst system, a possible 
solvent, olefinic organic compound, optionally the co- 
reactant and carbon monoxide are fed to a first 
reactor. The various ratios according to the process of 
10 the invention can be maintained by controlling the feed 
rate of the various reactants and catalyst components. 

The invention shall be elucidated by the 
following non-limiting examples. 

15 Example I 

A 160 ml autoclave was filled with 0.133 
grams (0.6 mmol) palladium acetylacetonate, 1.982 grams 
(1.2 mmol) 2,4, 6-trimethylbenzoic acid and 3.0 mmol of 
a bidentate phosphine ligand (see Table 1) . The 

2 0 autoclave was purged three times with nitrogen. 

Subsequently 75 ml water- and oxygen-free diphenylether 
was injected. The autoclave was purged three times with 
carbon monoxide before adjusting the presssure to 2 . 0 
MPa with a CO atmosphere and subsequently the 

25 temperature was raised to 140°C. Immediately after 
reaching this temperature a mixture of 6.5 grams of 
butadiene , 4.0 grams methanol and 0 . 5 grams nonane 
(internal GC standard) was injected with CO into the 
autoclave. After injecting these starting compounds the 

30 pressure was adjusted to 5.0 MPa using CO. After the 
reaction time (see Table) the reaction mixture was 
analyzed by Gas Chromatography (GC) . The results are 
presented in Table 1. 
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CLAIM? 

Catalyst system comprising a palladium compound, an 
acid compound having a pKa > 2 measured in water of 
18°C, and a non- symmetrical bidentate phosphorous 
ligand according to: 
R 1 R 3 
\ / 

P-X-P 
/ \ 
R 2 R 4 

in which the -PR X R 2 group is different from the - 
PR 3 R 4 group and in which X is a divalent organic 
bridging group, in which the shortest direct link 
between the two phosphorous atoms in the bridging 
group X consists of a chain of 2-10 carbon atoms 
and optionally a sulphur or oxygen atom. 
Catalyst composition according to claim 1, 
characterized in that R 1 , R 2 are electron 
withdrawing groups and R 3 and R 4 are electron 
donating groups. 

Catalyst composition according to claim 2, 
characterized in that the electron withdrawing 
groups are optionally substituted C 6 -Ci 0 aryl groups 
and the electron donating groups are optionally 
substituted Ci-Cn, alkyl groups. 
Catalyst composition according to claim 3 , 
characterized in that R 1 and R 2 are aryl groups 
substituted with electron withdrawing groups. 
Catalyst system according to any one of claims 1-4, 
characterized in that the direct link between the 
two phosphorous atoms in the bridging group X 
consists of a chain of three or four carbon atoms 
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and optionally a non-terminal sulphur or oxygen 
atom. 

Catalyst system according to any one of claims 1-5, 
characterized in that the acid is a substituted 
benzoic acid. 

Use of a catalyst system according to any one of 
claims 1-6 as a catalyst in a carbonylation 
reaction of an olefinic organic compound, carbon 
monoxide and optionally a co-reactant. 
Use according to claim 7, characterized in that the 
olefinic compound is 1,3 -butadiene and the co- 
reactant is a C x -C 2 o alcohol. 

Use of a catalyst system according to any one of 
claims 1-6 as catalyst in the reaction between an 
alkoxy butene and carbon monoxide in a process to 
prepare an alkyl pentenoate. 
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Abstract of WO 9845040 (A1) 

Catalyst system comprising a palladium compound, an acid compound having a pKa > 2 l/^ 
measured in water of 18 DEG C and an non-symmetrical bidentate phosphorous ligand ' f§ 

according to formula (I) in which the -PR<1>R<2> group is different from the - * 
PR<3>R<4> group and in which X is a divalent organic bridging group, in which the 
shortest direct link between the two phosphorous atoms in the bridging group X consists of a 
chain of 2-10 carbon atoms and optionally a sulphur or oxygen atom. 
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